N -20408
NASA TECHNICAL TRANSLATION NASA TT ¥-13,509
INVESTIGATION OF PROTON FLUX IN THE

1.5 - 50 MeV RANGE ON ROBOT SPACE STATIONS
"ZOND-4" AND "ZOND-5"

B. P. Konstantinov, M. M. Bredov, A. A. Kolchin
V. V. Lebedev and G. I. Skrebtsov

Translation: '"Issledovnaiye potokov
protonov v diapazone 1.5 - 50 Mev na
AMS "Zond-4" i "Zond-5". Izvestiya
Akademii Nauk SSSR, seriya Fizicheskaya,
Nauka Press, Leningrad, Vol. 34, No. 11,
1970, pp. 2250-2254.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION E
WASHINGTON, D. C. 20546 MARCH 1971 3




INVESTIGATION OF PROTON FLUX IN THE 1.5 = 50 MeV
RANGE ON AUTOMATIC INTERPLANETARY
STATIONS ""ZOND-4'" AND "ZOND-5"

B. P. Konstantinov (deceased), M. M. Bredov,

A. A. Kolchin, V. V. Lebedev and G. I. Skrebtsov

ABSTRACT. Proton fluxes in the 1.5 - 50 MeV range
were studied on "Zond-4" and "Zond-5". The apparatus
used for this is described, and the results obtained
are discussed.

Investigations of the interplanetary atmosphere, carried out in the
past few years, have clearly revealed one of its characteristic features —
the huge role of the nonstationary processes in the interplanetary atmosphere.
It has become clear that for a complete concept of the structure of the inter-
planetary atmosphere we must have both simultaneous measurements in various
regions (which permits determining the spatial characteristics of the atmos-
phere, including the gradient of the cosmic rays) and measurements carried
out in’'various periods of solar activity. These measurements indicate the
time characteristics of the atmosphere and their relationship to solar
activity. Of special interest are investigations of the proton fluxes with
energies in the range of approximately 0.5 - 10 MeV which is intermediate
between the energy of solar wind protons and the protons of cosmic radiatiom.
Investigation of such protons in interplanetary space permitted studying the
long-lived solar corpuscular fluxes and the fine structure of the inter-

planetary magnetic field.
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Most of the published works were performed in the period of minimal
solar activity [1 - 3], although reports do exist concerning later investi-

gations [4].

Investigations were carried out on proton fluxes in the 1.5 - 50 MeV
range on the automatic interplanetary stations (AIS) "Zond-4" and "Zond-5",
launched toward the Moon, respectively, on March 2 and September 15, 1968.
Below we give a brief description of the apparatus used for this, and a

discussion of the obtained results.

The apparatus for measuring the proton fluxes consisted of two instru—
ments. The first of these (the PRP-1l, a semiconductor proton recorder) was
a sandwich of two silicon lithium=drift detectors; the second of these
detectors (D2) was connected in anticoincidence with the first (Dl). The
D1 was 1.5 cm2 in area; the D2 — 2.5 cmz. The detectors were shielded from
light by an aluminum foil 10 um thick. The geometric factor I' of the instru-
ment is equal to 3.9 cmz'ster° The instrument registered protoms incident

on the Dl with energies of 1.5 - 10 MeV and 10 - 21 MeV.

The second instrument (the PRP-2) was a telescope of two identical
silicon lithium-drift detectors D3 and D4 having an area of 2.5 cm2 each.
The angle at the apex of the receiving cone was equal to 100°; the distance
between the detectors was equal to 14 mm. The instrument was adjusted to
registér protons in the energy range of 30 - 35 MeV and 45 - 50 MeV by the
proper choice of thickﬁess and shape of the absorbers located along the edges
and in the center of the telescope, and also by adjustment of the discrimina-
tor thresholds. It is important to note that no particles, other than protouns,

were recorded by this instrument.

Discussion of Results Obtained

The apparatus for measuring proton fluxes was set up in such a way that,

when the ALS rotated, the instruments carried out the scanning basically in




the plane perpendicular to the plane of the ecliptic. However, in certain

segments of the flight trajectory the object completed various maneuvers

with change in orientation, and was sometimes fixed along two axes in space.

f Below we shall look mainly at the results obtained on the "Zond-5".

Figure 1 shows the initial and final segments of the flight trajectory

of the "Zond-5" projected on the plane of the ecliptic in the coordinate

system with a Earth - Sun fixed line.
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Figure 1. Projection on the plane rate was noted (apparently due to the

of the ecliptic of the initial and electrons), which — in proportion to
final segments of the '"'Zond-5" 7 prop
trajectory. the distance from Earth — first de-

ﬂ creased then again increased, dropping

;3 gradually to a level measurable outside the magnetosphere. 1In the channels

J PT-1 and PT-2 corresponding to proton measurement with energies of 30 - 35

; MeV and 45 — 50 MeV, no increased counting rate was observed with passage

: through the radiation belt. Short—term "spikes'" of the counting rate, lasting

é sometimes less than a minute, can be traced to the PS-1 channel to a distance

of 16 RE°

Here we describe the measurements carried out beginning from the moment
corresponding to a distance of 3.5 RE’ up to when the apparatus was turned
off, carried out on the return path of the AIS at a distance of approximately

14 Ry from the Earth. The data thus obtained clearly characterize the condi-

tions in '"free" space between the Earth and the Moon which existed in the

period from 15 to 21 September, 1968.
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Figure 2. Protons counting rates in rate in the PS-1 channel for this
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. . -1 . period from 0.38 to 0.46 sec =~ with
2 - PT-2, imp*min ~j 3 - PS-1, imp*
-1 a mean square error less than 0.01
secl. The counting rates in the

sec
PT-1 and PT-2 channels also reveal a slight increase. However, on the whole
we can state that no substantial variation in the counting rate, which could

be attributed to an abrupt change in the conditions in outer space between

the Earth and the Moon, was detected on any of our instruments from September

15 to 21. At the same time, the relatively short operation of the apparatus
does not permit making any unequivocal conclusion as to whether our instru~-
ments measured the background intensity between flares or some relatively
stable.level, which significantly exceeds the background. Since the flight
of the "Zond-5" took place in a year of maximal solar activity, this latter
assumption is more probable. The following correlations were investigated |

in order to clarify this question.

We analyzed the readings of the neutron monitors at the stations Deep
River and Oulu, and the Kp—indices of the geomagnetic perturbation [5] for
the month of September. They revealed a regular behavior with no abrupt
dhanges which could indicate significant flares of cosmic rays during the
period of September 15 - 21, 1968. From the data of optical observations

from 1 to 25 September the situation on the Sun was quiet. Only two flares
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of scale 2 occurred. However, they were not accompanied either by flares of
x-rays or by bursts of radio emission in the 3000 MHz range; this indicates
that in this case no fast particles were generated. Still another possibility
of evaluating the radiation in circumterrestrial outexr space in the period of
interest to us involved analysis of the data from the SPME instrument on the
Earth satellite "Explorer-34". This is a patrol instrument which measures

the integral intensities of the proton fluxes in the ranges > 10, > 30 and

> 60 MeV. However, the significance of these data for our case was low, since
in the channel for protons having an energy > 10 MeV, in order that the count-
ing rate could significantly exceed the average background (caused basically
by the energetic particles with energy in the hundreds and thousands of MeV),
the intensity of the solar cosmic rays with an energy of tens of MeV would
have to increase by 1.5 - 2 orders of magnitude. This may correspond to an
increase in the region of 1.5 ~ 10 MeV by 2.5 - 3 orders of magnitude, in
comparison with the "quiet" background in this range [3]. In other words, the
fact that during the '"Zond-5" flight the SPME instrument dia not register (in
the channel for protons with an energy > 10 MeV) the amount that the counting
rate surpassed the mean level of 0.30 + 0.01 cm—zlsec_l'ster—l, indicates

only the absence during this period of large flares on the Sun.

Thus, examination of all the above data which characterize the solar and
geomagnetic activity for the time, at least, from September 1 to the end of
the flight, allows us to make only one conclusion, i.e., that the sifuaﬁiog_,

in the circumterrestrial interplanetary space was relatively quiet.

As was mentioned above, the "Zond-5", in accordance with the flight
program, sometimes changed orientation and carried out maneuvers in space.
The fact that the average intensity of the counting in all channels remained
approximately the same, gives us the right to use here such a characteristic
as "mean intensity" of the proton flux which is directly associated (through
the geometric factor of the instrument) with the mean counting rate. In
essence this is equivalent to the assumption of an isotropic character of the

proton flux over averaged periods of time.




Allowing for the above, we derive values of the average intensities of

the proton fluxes obtained in our experiment:

3 -2 -1 -1
m “c°ster “*sec .,

1.5 - 10 Mev, I = 0.5-10
10 - 20 MeV, T = 40 m 2-ster tesec T,
30 - 35 Mev,'dI/dE = 35 mfz'ster—l'sec_l'Mev—l,

45 = 50 lMev, dI/dE = 50 m_z-ster—l‘sec-l'Mev_l.

The intensities registered by "Zond-4" in March, 1968, agree with these

values.

The table gives the values of the "background" intensity of the low-
energy proton fluxes obtained on various objects. in comparatively quiet (with
respect to solar activity) intervals of time for the pexiod from 1964 to lgggg_ﬁw
1968. 1In those cases when the form of the spectrum was known, a conversion

‘,, was made for the range 1.5 - MeV in order to make a comparison with our data.

VALUES OF BACKGROUND INTENSITY OF PROTON FLUXES IN THE 1 - 10 MeV

RANGE
,g f ' ' | Spectrum \Fjux in the range
; : ' 2 in the B -
i Period | pr, cm °* - 1+5=10. |References
Object s ste£ range 1-5 MeV | MoV 1ces
- |1 - 10 MeV|. =2 -1 -1 ’
. m “°sec¢ —sster s
' 0GO-A 1964 - 1,51 17. B~ 44 | . 55 | 16
: 0GO-A 1965 1,51 46.E—%4 30 |... 15 (6] .
; 0GO0-3 1965 . 1,51 ! - R B )
Venera-2,3 1965  -[. " 0,2 75008 S I ) O
| Zond-3 1965 - 0,2 | g 7500 & 1IN
R ] 80000 34 T
HMariner—4 |41964—65 0,065 ! S 300 € . {2, 8]
Pioneer-6,7 . 1966 58 ' | 440.E7%8 SR - S - [31
Venera-4 1967 0,2 | 5 ., 7508 . ‘ 9]
Mariner-5 | 4967 0,416 | 0,7.¢™° o | 165 . | (10 -
Zone-4 5 1968 3,9 A o 500
Venera~5,6| 1969 0,13 o med - )

In Earth orbit (1 a.u.)
In 1.26 a.u.

In Mars orbit (1.55 a.u.)
In range 1 - 4 MeV.
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Below we give the brief characteristics used in the operations of the

apparatus shown in the table.

The telescope at the University of Chicago installed on the space
vehicles of the 0GO series consisted of two silicon detectors and a plastic
shield. The second silicon detector and shield registered the range of the
particle, whereas the first detector measured AE. The instrument permitted
recording the spectra of the protons and the oa-particles in the range of 1 - 20

MeV'nucleon—l.

Included in the apparatus on board "Mariner-~4" and the "Mariner-5"
was a surface-barrier silicon detector (Iowa State University) with two thres-
holds on the first, and four thresholds on the second of these spacecraft.
A radioactive source was installed on "Mariner-4" near the detector. The
counting rate produced by it was a little higher than the quiet background of
the cosmic rays. A correct analysis. of the statistical scatter permits
determining the upper limit of the fluxes which can not be registered by the
instrument in the presence of this radioactive background [8]. The number
shown in the table for the "Mariner-4'" was obtained on the assumption of a
spectrum given in [6]. The radioactive source on the "Mariner-5" was a
little weaker, and the background produced by it could be subtracted from
the instrument readings. After making certain assumptions, we can determine

both the form of the spectrum and the contribution from the a-particles.

The telescope from the University of Chicago on the spacecraft '"Pioneer=-
6" and "Pioneer-7" consisted of three silicon detectors in a shield of plastic.

The range covered was in the region of low energies - 0.6 - 13 MeV-nucleon—l.

On the "Pioneer~7" it was possible to obtain spectra of protons and ca-particles

in this range by using a multi-channel analyzer, turned on by command from
Earth.

On the Soviet spacecraft "Venera~2,3,4,5,6" and "Zond-3" there were

individual silicon detectors which measured the proton fluxes in the ranges
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of 1 - 5 MeV and 1 ~ 4 MeV. The numbers which we show on the table have been
obtained on the basis of published counting rates [7, 9] and known geometric

" factors.

Physico~Technical Institute im. A. F. Ioffe

Academy of Sciences USSR
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